Abstrak-Pertanyaan apakah sektor telekomunikasi telah benar-benar mendukung pengentasan kemiskinan dan peningkatan kesejahteraan di tingkat rumah tangga, dalam hal penghasilan tambahan di Indonesia masih belum diketahui. Penelitian ini bertujuan untuk menyelidiki apakah akses ponsel dan penggunaan pada fitur produktif/konten/jasa membawa banyak manfaat bagi rumah tangga dalam hal penghasilan tambahan berdasarkan survei yang dilakukan oleh BOP LIRNEAsia dan Lembaga Penelitian Ekonomi dan Sosial, Universitas Indonesia (LPEM FEUI) pada tahun 2011. Studi ini menemukan bahwa responden dengan penggunaan produktif terhadap perangkat mereka memiliki kemungkinan lebih tinggi untuk berkontribusi terhadap pendapatan rumah tangga mereka.
I. INTRODUCTION
Amid the growing importance of the telecommunication sector in general, studies found a more crucial role for developing the mobile telephony in the future. Granstrand (1999) speculated that the importance of the device could be related to the rationale of "human communication" where electronics media are becoming increasingly embedded with people and that telecommunication systems are becoming more interactive, selective and multimedia, as well as asynchronous at the same time. Hence, mobile telephony is now of a great interest, especially in developing countries, due to the fact that most of these countries are enjoying a technological leap-frogging process. The growing transition to mobile telephone usage is also a quick and inexpensive way to increase telecommunication penetration (Sridhar & Sridhar, 2004) as other studies with the same concerns found similar conclusions, among others; Aker (2008) , Muto and Yamano (2009), Vogelsang (2009) and Mbogo (2010) and Gruber and Koutroumpis (2011) .
The importance of mobile telephony is also related to the type of technology in comparison to its long rival, fixed-line telephony. It is often proposed that wireless technology plays an increasingly prominent role in the expansion of rural telecommunication networks in the developing countries (Reynolds and Samuels, 2004; Galperin, 2004) . More importantly, mobile technologies not only offer a substantial cost advantage over fixed-line infrastructure for rural networks, but they are also better suited to service the demands of rural low-income populations (Proenza, 2006) . In relation to this, the International Telecommunication Union (ITU) has stated that while high-speed Internet is still out of reach for many people in low-income countries, mobile telephony is becoming ubiquitous, with access to mobile networks now available to over 90 per cent of the global population. Recent surveys in developing countries show that the mobile phone not only bridges the voice gap but also has begun to close the data gap for the poor, particularly in rural areas (ITU, 2011 ).
Yet, little attention has been paid to investigate the impact of telecommunication sector in general and mobile telephony in particular for developing socio-economic outcomes, for instance, on household welfare in terms income. In a view of conceptual framework, the importance telecommunication and its relationship with the socio-economic variables can be explained in the following Figure 1 discussed by Dutta (2001) .
From the Figure 1 , it can be ascertained that there are twoways direction between a higher telecom infrastructure and the economic activity. A higher economic activity leads to a higher telecom infrastructure through increasing demand of new services and the derived demand from other sectors which is also showing a network externality. In opposite, a higher telecom infrastructure leads to market efficiency thanks to faster information dissemination. Nevertheless, whereas the impact of higher telecom infrastructure to economic activities and market efficiencies has been the focus of investigation (Brynjolfsson & Hitt, 1997; Chacko & Mitchell, 1998; Bresnahan, Brynjolfsson & Hitt, 2000; Dimelis & Papaioannou, 2011) , the empirical analysis of telecommunication affecting the household welfare is still somewhat missing in the literature. Some conceptual papers and case studies can be found on how telecommunication sector affects poverty alleviation, education and health (Chakraborty & Nandi, 2011; Dimelis & Papaioannou, 2011) and also to ensure better socio-economic platforms (Wijers, 2010; Kijsanayotin, Kasitipradith, & Pannarunothai, 2010; Crow et al., 2012; Kiiza & Perderson, 2012) . Therefore, this study aims at scrutinizing the impact of the access to mobile telephony and the productive use of the device to the household income utilising the treatment effect model in a more empirical manner.
The paper is presented by firstly presenting the portrait of socio-economic profile in Indonesia and the transition of telecommunication industries in the country. The next section elaborates the methodology of survey and data analysis employed to answer the research problem on determining the impact of access and use of mobile telephony to the household income. The results section follows afterwards with a conclusion section presented at the end.
II. TELECOMMUNICATION SECTOR AND SOCIO-ECONOMIC

CHALLENGES
Talking about the size to the economy, the telecommunications sector in Indonesia is still relatively small compared with the total value added/GDP. The proportion of GDP was still less than 3% up until 2008 and reaching 3.1% in 2009. Nevertheless, in terms of the growth rate, the sector is far above the national GDP, indicating a massive development of the sector compared with the rest of the economy. The GDP growth is recorded at approximately 5-6% during the period 2004-2009 whereas the telecommunications sector achieved 24%-30% at the same time. Lee and Findlay (2005) identified the development of telecommunications sector in Indonesia has been mainly driven by two phases of reforms. In 1989, private participation was permitted in the fixed-line sector through public-private partnership (PPP) arrangements whereas in 1999, a duopoly structure was created in fixed-line sector operations, accompanied by a pro-competitive regulatory regime. Both policies have been further promoted the diffusion of telecommunication devices.
In relation to this, Eick (2007) added that by introducing the Telecommunications Act No. 36 of 1999 aimed at providing affordable telecommunication access to the urban and rural populations. The access was then built not only in Jakarta and other large cities but also in the thousands of villages throughout the archipelago that continued to lack basic infrastructure and services. Nowadays, partly thanks to these moves, Indonesia's telecommunication sector enjoys a rapid development of, particularly mobile telephony. By the end of 2010, the cellular market had recorded a dramatic boost, with the number of active SIM cards reaching 220 million However, while ICT development has been growing quite significantly, the transition of socio-economic development progresses far slowly. Recent study by Nugraha and Lewis Figure 1 . Relationship between ICT investment and economic growth (Dutta, 2001) (2013) monitored the update of Indonesia development outlook. The study concludes that Indonesia has experienced significant economic growth in recent years (on average, 5% in 2008) akin many people are still living in poverty. To accentuate this aspect, the income inequality measured by the Gini coefficient, has also increased. To add the complexities, a recent study by Dartanto and Nurkholis (2013) maps the determinants of poverty in Indonesia. Based on the data by observing the National Socio-Economic Survey (Susenas) balanced-panel data sets of 2005 and 2007, the study found that 28% of poor households are classified as chronically poor (remaining poor in two periods) while 7% of non-poor households are vulnerable to be being transient poor. In addition, the study found that determinants of poverty dynamics in Indonesia are educational attainment, the number of household members, physical assets, employment status, where in terms of geographical area; Java and Bali are more vulnerable to the external shock than those of other people living outside of these regions.
III. METHODOLOGY
The methodology employed in this study is adapted from the model discussing the return to education, thus, measuring the impact of education to the income. For a very long time, at least during the last 50 years economists have devoted their efforts to investigate the impact of schooling (education) to earning at micro level analysis (Guison-Dowdy, 2012) ,. Variety of models and estimations has been employed to identify the return to schooling to capture the difference of schooling quality, and gap between male-female. However, as stated by Hanushek and Welch (2006) , there is always a problem to precisely approach the impact of education as, for instance, people are different in skills (e.g., ability, initial human capital, motivation, and the like). This phenomenon is one of the intuitions concerning the ability bias especially when individuals have multiple skills. Guison-Dowdy (2012) mentioned that the skills level might also relate cognitive competencies (the array of abilities enabling individuals to learn, process, and apply knowledge) which influence individual achievement. That said, the methodology employed in this study is seen as a complementary effort towards the existing studies investigate the impact of education to earning. After controlling all possible factors effecting household income level or covariates consist of education levels, skills (managerial competencies), together with other socioeconomic variables (age, gender, type of occupation, marital status, geographical area, and type of housing), this study introduced some additional variables concern with the "additional skills and experiences" thanks to the ubiquity of ICT devices. It is conceived that ICT variables are important to help the prediction of the return to education estimate as the proxy of "skills and experience". These variables include the access to telephony and the productive uses of the device. The formal derivation of the model is presented in the Appendix.
To operationalize the methodology, a treatment effect model is employed. The basic idea behind the method is to estimate the counterfactual outcome of the income for people who have connected to the mobile would have achieved had they are not connected yet. That said, the methodology will control all possible factors affecting the income level (in this study gender, ages education, geographical location, type of occupation, number of households member skills, and prior ICT assets ownership) in such a way that the income level in two samples are comparable only by looking at the difference on the mobile phone connectivity. The comparison is calculated based on the propensity score matching (PSM) reflecting the likelihood for having the same mentioned socioeconomic/demographic factors (covariates).
PSM is widely used for non-experimental analysis intended to evaluate the average effect of a treatment program intervention. The method compares the outcome of program participants with those of matched non-participant chosen on the basis of similarities of observe characteristics. The more traditional method compares the outcome of participant with non-participant whereas a more recent method of PSM pairs program participants with multiple non participants and use the weighted average to contract the matched outcome (Todd, 2010) . The main advantage of the matching estimator is they do not require any functional forms of outcome equation and thus not susceptible with misspecification bias along with the dimension (which usually arises when econometric tastings are being employed).
The framework of analysis can be elaborated as follows. . From this, the conditional distribution of and can be recovered from the data. However, the joint distribution or or the impact are not observed. The focus of the study is then to calculate the average impact of treatment on the treated (ATT) denoted by . The treatment and matching should also take the assumption that treatment assignment is strictly ignorable given any covariates (observed characteristics, Z, e.g. all sociodemographic and economic variables), such a way that: which can also be represented as or . Propensity score is defined as the conditional probability of treatment given the covariates. It means that, if the treatment group (T) and control group (C) are hugely different in many observed variables (x), e.g., socio demographic aspects (ages, gender, education, geographical area, etc.) , the difference in outcome (Y) cannot be associated with the difference in treatment. The solution is possible only by comparing the member of C and T with similar in X (propensity matching estimators). Matching by the propensity score can be done by choosing propensity score p(x) at random. The operationalization of the methodology is shown in the following Figure 2 .
From Figure 2 , the treatment effect controls for the possible factors that contribute to income Therefore, the only difference between the two samples is (i) the access to the mobile, for access impact, and (ii) the usage of mobile services, particularly on productive uses.
Some recent studies have adopted the treatment affect model and the used of propensity score matching in particular in many areas of ICT. Beard, Ford, Saba, and Seals (2012) estimate the effect of Internet use on job search. The study indicate broadband use at home or at public locations reduces the probability that the unemployed cease job search by over 50% relative to unemployed persons who do not use the Internet at all. As policy implication even public connections (e.g., at libraries) in unserved and underserved areas may produce substantial social benefits. Hanley and Perez (2012) uses propensity score kernel matching with difference-indifferences to reveal export selection and evidence of 'technology upgrading' where export oriented firms are seen to be more innovative. Grimes, Ren, and Stevens (2012) investigates whether broadband access can be considered as a productivityenhancing factor. Investigating a large micro-survey of firms and employing propensity score matching is used to control for factors, including the firm's own lagged productivity, that determine a firm's internet access choice, the study indicates that broadband adoption boosts firm productivity by 7-10%; effects are consistent across urban versus rural locations and across high versus low knowledge intensive sectors.
A. Survey methodology
This section will discuss the survey methodology used in Teleuse@BOP for Indonesia case. More particularly, the section elaborates some aspects concerning stratification, sampling frame, sampling method, sample size, weight calculation, and estimation method.
B. Stratification
In general, the Teleuse@BOP survey in Indonesia utilizes the information from SUSENAS 1 2010 particularly for Java. Based on this national wide survey, households (or person) are classified into "urban" and "rural". This definition indicates village-level administrative areas where people living in where the category is derived from National Statistical Office (NSO) of Indonesia. In order to determine "urban" or "rural" status of the specific area, NSO uses variables such as population density or number of population living in, number of households use electricity, percentage of agricultural households, number of urban facilities, number of basic facilities such as public school/college, hospital or public health facilities, number of entertainment facilities, hotels and restaurants, number of HH that have an access to telecommunication (fixed lines), land use, etc. A village is scored based on those indicators, ranging from 2 to 26. Villages that have total score of 10 or more are included into "urban" villages whereas those that score are 10 or less are classified into "rural" villages.
C. Sampling Frame
The sampling frame is designed based on unit sample to be selected in the Teleuse@BOP survey. In this respect, unit sample used is districts (Kabupaten/Kota) and households. A district is an area which is equivalent to municipal or regency. District sample frame is a list of urban/rural villages in each stratum including information of number of low-class household (i.e. BOP). In practice, the survey then splits these districts into "urban" and "rural" districts. Furthermore, households sample frame is a list of households in each district (urban and rural district).
D. Sampling Method
The survey applies three stages of stratified random sampling. At first stage, it splits areas covered by SUSENAS 2010 into "urban" and "rural" to select specific district. Hence, urban and rural districts are determined independently (to determine district sampling frame only for Java datasets. The next process is to randomly select 35 "urban" and 25 "rural" districts in each stratum using probability proportional to size (PPS)-systematic sampling cutting the households into BOP and TOP. If total household's expenditure per day divided by total household's member is less than $US 1.25, the household is, thus, classified as a BOP. The second stage is to randomly choose 20 potential respondents in each specific district selected in the first stage. This is listed by simple random sampling method. There are 700 "urban" individual and 500 "rural" individual BOP. In total, 1200 BOP potential respondents are sampled. Finally, the last stage is to select household's member aged 15-60 years old in each specific sample household using Kish Table. By Kish Table, a selected respondent is chosen by using a combination of number of household members and last digit of household's identity (ID) in SUSENAS 2010. In summary, the sampling plan can be made as the following Table 1 .
The sampling fraction of the sampling design can be determined as a product of sampling fraction of each stage, as follow:
Moreover, the weight can be constructed as inverse of this overal sampling fraction as follows: 
E. Sample Size
To determine sample size with certain degree of accuracy, some parameters such as estimation of population proportion (p), confidence level, and relative margin of error (d) are required. The desired confidence level or level of accuracy for the survey was set to 95% and relative margin of error was 5%. The population proportion was set conservatively to 0.5 which yields the largest sample size (Lwanga & Lameshow, 1991) . With these parameters, the minimum sample size was determined by the following equation (Rea & Parker, 1997) .
so that the minimum sample size obtained was 384. To compensate the clustering effect due to the choosen sampling design rather than Simple Random Sampling (SRS), the sample size must be larger than the minimum requirement above. Therefore, if the clustering effect called design effect, or DEFF for short, is 2, the minimum sample size became 384 x 2 = 768 and to account for individuals that have not used telephone services in the period prior to the survey and to compensate for the non response, the target sample was fixed to 1200 households or individuals aged 15 years old or over.
This sample size is then proportionally allocated to the number of population aged 15 to 60 years old to each stratum with the following formula:
. Thus, the calculation result using above formula is as on Table 2 . 
F. Estimation Method
Let and be two survey variables resulting from the respondent in household j, district i, and stratum h, ratio estimate for ratio population R is where,
With the estimated variance for is
If y is dichotomus variable (0 or 1) and x is 1 for each observation, refers to estimated proportion or prevalence. The Table 3 below sumarizes the discussion of methodolody. Figure 3 The relationship between income levels and education
IV. RESULTS
The following section discusses the analysis from the survey data based on T@BOP survey in Indonesia. The section is divided into two parts; the first section presents the descriptive analysis of the data whereas the later part shows the results of treatment effect model comparing various scenarios and comparisons. The output from the STATA package is presented further in the Appendix.
A. Descriptive analysis
The following figures show the relationship between some socio-economic factors underlying the household characteristics and their income level. It has been ascertained from many studies that the income level is associated with many socio-economic and demographic factors, among others, education, geographical area and gender.
From Figure 3 it can be seen that, in general, income level is positively trended towards education achievement. Moving from elementary school to diploma, the figure shows a significant increase in the mean of the household income. The pattern is little bit changing when the investigation is continued to the higher degree of education where the mean of income level decreases for respondents falling into undergraduate and graduate degree categories. However, it should be understood that the majority of the respondents obtain the education degree up to diploma where only a slice of them earns a higher degree. The household income level is also visibly different with respect to geographical area as shown in the following Figure 4 As shown in Figure 4 , the mean of income level varies greatly between provinces investigated although the respondents have been selected to fully match with the BOP characteristics. To understand the gap, in DKI Jakarta, the average monthly household's income level is around 238.9 USD whereas in West Java, the average income is only 53.1 USD. Nevertheless, it has been taken into consideration, which is however out of the scope for this study, that the price levels in each province also differ very significantly. In DKI Jakarta where the capital city of Indonesia is located, the price is far above any provinces in this study. In addition, when the data is being compared with the urban and rural classifications, it can be seen that the income level is similar in most of provinces except in Banten where the income level in urban is far higher than in the rural, whereas in West Java the tendency is little bit of the opposite.
By combining the figure on education and geographical area as shown in Figure 3 and 4, it can also be inferred the urban-rural income disparity controlled by education as shown in the following Figure 5 . From Figure 5 , it can be concluded that education level does play an important role in the sense that the disparity of urban-rural income remains unchanged (note the ratio of the red and blue bars are almost the same for each education level) whereas education has the ability to vary the income level except for undergraduate level. At this level, the mean income in the urban area is much lower than that of in the rural area in addition to the mean values of income that is lower than the diploma.
The following figures, different to previous analysis, show the element of interest in this study on the disparity of the income level in relation to the access to mobile telephony.
From the survey data shown in Figure 6 , it can be seen that the disparity of income with respect to the access to mobile telephony is visible. The respondents who have been accessing the device have a greater income level than those of the unconnected ones (103 compared with 81 USD). However, it has to be taken into consideration that this gap is measured without matching the characteristics of these two sub-samples. The gap, thus, might be reflecting the different level of education and other socio-economic variables. Moreover, when the investigation is conducted to see the proportion of the connected respondents who use the device for the productive usages (when the users access to at least one of the following functionalities; information services, banking, government information, health and the payment system), it is found that only 15% of them are familiar and using such services.
B. Propensity score matching
While the detail analysis of treatment effect and propensity score matching estimations are presented in the Appendix, the summary of the analysis is shown in the following Table 4 .
In general, as shown in Table 4 , the results are classified into two sub-analysis; the access to mobile telephony and the use of mobile telephony. A particular interest is given to compare the impact of the access to bank services for the household livelihood. The average treatment effect on treated (ATT) shows the monetization of the value showing the different impact following the with-and-without scenarios. That said, the ATT for access to mobile telephony denotes the likelihood of a respondent with mobile telephony for having a greater household income in comparison to the other respondent with the same profiles and covariates without the access to mobile telephony. The number of common support shows the total relevant observation to be compared which means that the analysis leaves some portion of samples out of the analysis due to unmatched propensity score. The last column shows the statistical significance of the estimations.
From the table, it can be analyzed that the access to mobile telephony contributes to a higher likelihood for having 26.7 USD monthly household incomes. Moreover, when the analysis is decomposed into the urban and rural area and focused on the "absolute poverty line" of 0.75 USD/day/person (Dartanto & Nurkholis, 2013) , the impact is found greater in the urban area than in rural area for the same respondents categorized is the absolute poor. This finding might be supported by the fact that variety of economic activities happens mostly in the city (urban area) than in rural. The next analysis is conducted to understand whether a different pattern of usage might lead to a different income level. The results show that the productive use of mobile telephony increases the likelihood for having a greater monetary impact than the access. Around a 39 USD monthly household income would be generated should the user access the mentioned functionality of mobile telephony. However, when the impact is investigated from urban and rural classification the impact becomes nonexistent as neither the impact the use of telephony for the mobile internet.
In contrast, the access to financial sector proxied by whether the respondent has a banking account shows a very substantial and significant result. A bankable respondent has likelihood for having a 66.7 USD more than non-bankable respondent. The impact is even greater in rural area compared with the urban area (92 USD vs. 67 USD) signaling the importance for providing the financial access in rural where infrastructures (bank branches, ATMs) is still limited.
V. CONCLUSION The paper is started by a research problem that amid a massive growing of telecommunication sector; the achievement of socio-economic progress is somewhat very slow in Indonesia. Assuming that the relationship of telecommunication sector and the achievement of economic well-beings should follow two-way relationships; the question to be addressed is whether the access and productive usages of mobile telephony have led to a higher household income levels. The study found that the respondents with the access to mobile phone have a higher likelihood for earning a 27 USD household income more than those of the unconnected ones. The study also found the productive uses of it contribute a 39 USD household income more than those who never access these services. In addition, the impact of access is more visible in urban area where economic activities are more available. As the comparison, the study also replicates the investigation on the access to the banking account and found a visible and greater impact of this to income, especially in rural area.
There are some policies can be derived from this study; firstly, by promoting local economic development mediated by mobile telephony especially for agriculture sector where the majority of poverty cases in Indonesia are found, especially in rural. The case in India can be put as the lesson learned where both countries have similarities. The agricultural sector which is supported by the role of ICT in India can be seen as a progressing example. India traditionally is an agrarian economy, where 40% of the country's GDP is derived from agriculture and agriculture products. The crafting institution by government and private sectors (industry) has enabled the increased acceptability of the latest mobile innovations and tools by the farmer (Bowonder and Yadav, 2005) . The second policy is related to enable the BOP users for the access to the ICT devices with a greater link to payment system and to substitute the functionality of baking services in the area where the banking system has not yet developed.
APPENDIX
A. The covariates of probit model
The micro model is derived from return to education study by Card (1999) on return to education estimation. Lifecycle utility, conditional on schooling S and a given consumption profile is:
Under these conditions the intertemporal budget constraint is: An individual's optimal schooling choice and optimal consumption path maximize
The derivative of this expression with respect to S is where represents the marginal benefit of the Sth unit of schooling (expressed in period S dollars) represents the marginal cost of the Sth unit of schooling (also in period S dollars) The marginal benefit of the Sth unit of schooling is where H(R) is a decreasing function of the interest rate.
(i.e.,
). Under separability, the marginal costs and marginal benefits of additional schooling are equated when To consider a more general case, assume that . Then the first order conditions for an optimal consumption profile, together with the lifecycle budget constraint, imply that where W(S) is the value of lifecycle wealth associated with the schooling choice S. An optimal schooling choice satisfies the condition (1) A simple specification of these heterogeneity components is (2) ,
, where and are random variables with means and and second moments , and and are nonnegative constants. These assumptions imply that the optimal schooling choice is linear in the individual-specific heterogeneity terms:
, where is assumed to be strictly positive. At the equilibrium level of schooling described by equation (4) To understand the implications of the preceding model for observed schooling and earnings outcomes, note that equation (2) implies a model for log earnings of the form where is a person-specific constant of integration. It is convenient to rewrite this equation as where has mean 0.
To proceed, consider the linear projections of and on observed schooling:
where represents the mean of schooling and .Substituting these expressions into (5), the earnings function can be written as Under this assumption the probability limit of the ordinary least squares (OLS) regression coefficient from a regression of log earnings on schooling is (7) In the general case the linear projection of on has slope and Taking these expressions into consideration, equation (7) 
